© 2 0 1 6 I n d I a n J o u r n a l o f P a t h o l o g y a n d M I c r o b I o l o g y | P u b l I s h e d b y W o l t e r s K l u W e r -M e d K n o W ABSTRACT Context: High-grade serous carcinomas of ovarian, tubal, and peritoneal origin are together referred as pelvic serous carcinoma. The fallopian tubes, ovarian surface epithelium, and the tuboperitoneal junctional epithelium are all implicated in pelvic serous carcinogenesis. Aims: The aim of this study is to identify putative precursor lesions of serous carcinoma including secretory cell outgrowths (SCOUTs), serous tubal intraepithelial carcinoma (STIC), and p53 signatures and assign its probable site of origin. Settings and Design: Prospective case-control study of consecutive specimen comprising 32 serous carcinomas and 31 controls (10 normal adnexa, 10 benign and 6 atypically proliferative surface epithelial tumors, and 5 other carcinomas). Subjects and Methods: Sectioning and extensive examination of the fimbrial end (SEE-FIM) protocol along with immunohistochemistry for Bcl-2, p53, and Ki-67 was employed for evaluating invasive carcinoma and precursor lesions in cases versus controls. Results: SCOUT, p53 signatures, and STIC were most frequent in the serous carcinomas. p53 signatures and STIC were always seen in the fimbrial end. STICs were exclusively present in serous carcinomas, more common in ipsilateral tubes of cases with dominant ovarian mass. Multifocal p53 signatures with STIC were seen in 7 (21.9%) cases. STIC was present with or without an invasive carcinoma in 25% and in 6.25% of cases of pelvic serous carcinomas, respectively. The junctional epithelia did not show any lesion in any group. Conclusions: SEE-FIM protocol is recommended for evaluation of sporadicpelvic (ovarian/tubal/peritoneal) serous carcinoma. Based on the presence of STIC or invasive carcinoma, nearly 60% of all pelvic serous carcinomas are of fallopian tubal origin.
INTRODUCTION
The traditional term "Epithelial ovarian carcinoma" is now referred to as high-grade pelvic serous carcinoma and includes serous epithelial ovarian carcinoma, tubal, and peritoneal carcinomas; they are an important cause of death in women from gynecologic malignancies world-wide and in India. [1, 2] A better understanding of the pathogenesis may help to evolve strategies for early detection and management. For decades, the ovarian surface epithelium (OSE) was implicated as the site of origin of these lethal neoplasms; however, recent evidence has clearly implicated the fallopian tubal fimbrial end in its pathogenesis. [3] [4] [5] [6] Detailed histological evaluation of risk-reduction prophylactic bilateral salpingo-oophorectomy specimens from BRCA positive women has revealed morphological evidence of the precursor lesion of high-grade serous epithelial carcinoma in the form of "serous tubal intraepithelial carcinomas" (STICs). STIC lesions display stratification, nuclear hyperchromasia and mitotic figures and are associated with p53 positivity and a high Ki-67/MIB-1 index. [7] Other putative precursor lesions include "p53 signatures" [8] and the secretory cell outgrowth (SCOUT). [9] A pathway of pelvic serous carcinogenesis integrating these lesions has been proposed by Jarboe et al. [7] In this study, we evaluated pelvic serous carcinomas with special attention to the distal fimbrial and OSE and the junctional epithelia including the tubo-peritoneal junction (TPJ) and the OSE-peritoneal junction in salpingo-oophorectomy specimen for identification of invasive and the putative precursor lesion of high-grade serous carcinoma. We compared the frequency and distribution of these lesions in serous carcinoma with atypically proliferative and benign surface epithelial tumors (SETs) as well as with normal controls to understand their role in serous carcinogenesis. We also assigned the site of probable origin based on the presence of these precursor lesions to identify the most common origin of pelvic serous carcinomas.
SUBJECTS AND METHODS

Case selection
The study was carried out after approval by the Institute Ethics Committee (vide letter No. 8691/PG-2Trg/2011/2783-84 dated 30. 1.2013) . This was a prospective study of 63 cases (53 surface epithelial ovarian neoplasms and 10 control group with normal ovaries) submitted for routine histopathological evaluation. Control specimen constituted hysterectomy and salpingo-oophorectomy performed for adenomyosis or leiomyomas.
Histopathological examination of the specimen and number of sections evaluated
The sectioning and extensively examining the fimbria (SEE-FIM) protocol [10] was employed for macroscopic evaluation of all salpingo-oophorectomy specimen. In breif the fimbrial end was transected and longitudinally sliced. The rest of the tube was serially transversely sliced. Thus, from each fimbrial end, 2-3 sections and from the rest of the tube 6-8 cross-sections were obtained for light microscopic evaluation. Adequate sections for routine histopathological evaluation of the neoplastic lesion were carried out and the tumor was appropriately categorized.
Immunohistochemistry
Immunohistochemistry was carried out using mouse monoclonal antibodies against Bcl-2 (Dako, Denmark AS, clone 124, 1:50 dilution), p53 (Novocastra, UK, clone NCL-L-p53-DO7; 1:30 dilution), and MIB-1 or Ki-67 (Novocastra, UK, clone NCL-L-Ki-67-MM1, 1:30 dilution) followed by EnVision staining (Dako, Denmark). One section each of tubal cross-section and distal fimbrial sections and the tumor was stained in all the cases included. Further a section representative of the OSE, cortical inclusion cysts and junctional epithelia (OSE-peritoneal junction and the tubal-peritoneal junction) wherever identified was also evaluated by all the three immunostains.
Evaluation of immunohistochemistry
Bcl-2 Bcl-2 highlights the tubal secretory cells and shows cytoplasmic immunoreactivity. [11] A linear stretch of thirty fallopian tubal secretory cells was consistent with SCOUT. The number of SCOUTs was counted in the fallopian tubal sections and the SCOUT index, defined as the number of SCOUTs per cross-section was derived.
p53
Nuclear positivity alone was considered as positive. A linear stretch of at least 12 positive nuclei in morphologically normal epithelium was defined as a "p53 signature" lesion. [10] Ki-67 labeling index and categorization of lesions The Ki-67 (MIB-1) labeling was performed on sections showing p53 signatures or p53 positivity and those with morphological evidence of nuclear stratification and atypia.
An algorithmic approach as proposed by Vang et al. [12] was applied for the diagnosis of p53 signature, STIC and lesions with intermediate features (serous tubal intraepithelial lesion [STIL]). STIC lesions showed morphological stratification with associated nuclear pleomorphism and atypia with p53 positivity and high Ki-67 index (≥10%). p53 signatures were lesions without any morphological abnormality but which displayed abnormal p53 positivity and low Ki-67 index (<10%). Lesions with intermediate features were categorized as STIL.
The following points were recorded for SCOUTs, p53 signature lesions and STIC lesions: (i) number of lesions in cross-sections and the fimbrial end of both right and left tube in different study groups; (ii) variation in their distribution in relation to tumour laterality -ipsilateral versus contralateral; (iii) in serous carcinomas, correlation to assigned site of origin and any difference in cases who did or did not receive neoadjuvant chemotherapy (NACT).
Statistical analysis
Data were analyzed using SPSS version 19.0 for MS-Windows (SPSS Inc., Chicago, IL, USA). The difference in the distribution of putative precursor lesions was analyzed within and between the different groups using ANOVA test with post hoc analysis or by nonparametric Kruskal-Wallis test. The value of P < 0.05 was considered statistically significant.
RESULTS
This was a prospective study of 63 cases (53 SET and 10 controls) broadly divided into four groups [ Table 1 ]. The patients had no family history of ovarian or breast cancer. NACT consisting of cisplatin and paclitaxel (three cycles) was given in 18/32 cases (56.25%) of high-grade serous carcinomas as they were in an advanced stage to reduce the tumor burden before surgery; residual serous carcinoma was present in all these cases. The high-grade serous carcinomas were further assigned to a primary site of origin based on the earlier WHO criteria existing at the time when the study was undertaken. [13, 14] Thus, of 32 cases, 20 were of ovarian origin (bilateral in 8, right ovarian in 8 and left ovarian in 4 cases, respectively), 2 of tubal origin and 10 were of primary peritoneal origin.
Nonneoplastic changes in the ovary, ovarian surface epithelium, fallopian tube and the junctional epithelia
Ovarian cortical inclusion cysts [ Figure 1a ] were commonly seen in all categories (30-60% of cases) and there was no difference between groups. Transitional metaplasia [ Figure 1b ] in the peritoneal aspect of the tube was observed in just one case of serous carcinoma. Mesothelial hyperplasia [ Figure 1c ] was observed in the serosal aspect of the tube in eight cases in the serous neoplasm categories. Walthard cell nests [ Figure 1d ] in the serosal aspect of the tubal cross-sections and fimbriae, and dilated lymphatics [ Figure 1e ] in the tubal fimbriae were seen in 30-83% of cases. Papillary tubal hyperplasia [ Figure 1f ] was observed in 2/6 cases of atypical proliferative serous epithelial tumour (APSET) only.
The junctional epithelium was especially evaluated. The TPJ was identified as an abrupt transition from the tubal type serous epithelium to the flat mesothelium lining the serosal aspect of the tube [ Figure 2a ]. The OSE -peritoneal junction was more diffuse and is depicted in Figure 2b . A total of 23 TPJs were seen in 6/10 controls, 2/10 benign cases, 2/10 APSET, 12/32 serous carcinomas, and 1 case of clear cell carcinoma. There was no evidence of any proliferation or atypia morphologically in any of these TPJs. The OSE-peritoneal junction was appreciated in 26 cases including 12 cases of serous carcinoma and was morphologically unremarkable in all cases.
Putative precursor lesions
Secretory cell outgrowths SCOUTs [ Figure 3a ] were present in all groups and showed the highest prevalence in serous carcinomas (90.6% cases) followed by normal control group (70%), other carcinomas and benign epithelial neoplasms (60%) and was least common in the APSET (16.7%). The total number of SCOUTs in all the tubal cross-sections and the distal fimbria were also counted, and the differences among groups were statistically significant (P = 0.0089, ANOVA and Kruskal-Wallis test) [ Figure 4 ]. Among serous carcinomas, there was no difference between those who did or did not receive NACT (P = 0.215). The distribution of SCOUTs in the various groups and the SCOUT index is shown in Table 2 . SCOUTs were more common in the fimbrial end as compared to the proximal tube in general with the fimbria/proximal tube SCOUT ratio ranging from 2.1 to 3.2 in all groups except the atypical proliferative tumors. Further, the number of SCOUTs was highest in the serous carcinomas both in the proximal as well as distal fimbrial sections; the SCOUT index was nearly 4 times more and the fimbrial SCOUTs were 2.5 times more as compared to normal controls. The number of SCOUTs did not correlate to the assigned site of origin of the tumor, i.e., ovarian, tubal, or peritoneal origin (P = not significant).
p53 signature p53 signatures consist of short stretches (≥12) of morphologically normal epithelium with p53 positive nuclei [ Figure 3b ]. The frequency and distribution of p53 signatures is summarized in Table 3 . Thus, p53 signatures were seen always in the fimbrial end and were frequent in serous carcinomas (65.6%) as compared to control cases (30%). p53 signatures were not identified in nonserous carcinomas, atypical proliferative and benign tumors, the differences between groups were highly significant (ANOVA P = 0.003). In 32 high-grade serous carcinomas, 39 p53 signatures were seen right tubal fimbriae and 23 in the left fimbriae. In the control group, 4 p53 signatures were seen in the right tubal fimbrial end. There was no correlation of p53 signatures with the assigned site of origin of serous carcinoma (P = 0.607) [ Table 3 ].
Serous tubal intraepithelial lesion and serous tubal intraepithelial carcinoma STIL was observed in two cases of serous carcinoma, both presenting with dominant ovarian masses and one representative image with a continuous p53 positivity [ Figure 3c ] but with variable Ki-67 positivity [ Figure 3c , inset]. There was no stratification and dysplasia was mild; this lesion was not observed in any other group. STIC was observed exclusively in the distal fimbrial end of high grade serous carcinomas in serous carcinoma and representative lesions are highlighted in Figure 3d -f. The epithelium showed stratification and significant atypia with strong p53 positivity. Ki-67 was usually high and ranged from 20% to 80%. Further, among serous carcinomas, 12/32 cases showed 34 STIC lesions in the fimbrial end (19 in right and 15 in left) [ Table 4 ]. One case of serous carcinoma with assigned peritoneal origin showed three STICs and none was seen in the tubal origin serous carcinoma. Overall, the ovarian origin cases showed the highest STIC counts which was statistically significant (Yates'χ 2 = 3.096; P = 0.04). Ipsilateral STIC was seen in 66.7% of cases with unilateral ovarian tumor and bilateral STIC in 42.8% of cases with bilateral ovarian tumor. There was no difference in STIC frequency between those who did or did not receive NACT (P = 0.11). Multifocal STIC was seen in seven cases [ Figure 3f ]. Invasive carcinoma without STIC was observed in 28.12% of cases, invasive tumor with STIC in 25% of cases [ Figure 3e ] and STIC alone in absence of invasive component [ Figure 3d ] was seen in 6.25% of cases of the serous carcinomas.
Putative precursor lesions in junctional epithelia
The TPJ and OSE-peritoneum junctional epithelia and the OSE showed diffuse strong positivity for Bcl-2 and negativity for p53 and none of the precursor lesions, namely, SCOUT, p53, or STIC was identified in all cases evaluated.
Invasive carcinoma
Among 32 serous carcinomas, dominant ovarian masses were seen in 20 cases (unilateral in 12 cases, bilateral in 8 cases). The tumor mass involved the right ovary in 8 cases and the left ovary in 4 cases. In the remaining 12 cases, there was no dominant ovarian mass and the tubes and ovaries were normal sized and omental deposits forming omental cakes were seen, findings suggesting primary peritoneal carcinoma. The tubal involvement was carefully assessed. On macroscopic evaluation, right tube was grossly involved in 11 cases with luminal tumor in 2 cases, serosal deposits in 1 case and greyish white tumor nodules/deposits in the fimbriae in 8 cases. The left tube was grossly involved in 6 cases with 3 showing luminal tumor and 3 with fimbrial end tumor deposits. Bilateral tubal involvement in the form of fimbrial nodules measuring 0.5-0.6 cm in diameter was seen in three cases. On microscopy, neoplastic involvement of the tube was observed in the proximal tubal cross-sections as well as the fimbriae. Thus, 10/32 (31.25%) serous carcinoma showed luminal involvement by the invasive carcinoma with the invasion of the underlying smooth muscle and 11/32 (34.4%) serous carcinoma showed serosal tumor deposits. The fimbrial end showed invasive tumor in 16/32 (50%) cases. Bilateral involvement of fimbrial ends was seen in seven cases. In 20 cases presenting as a dominant ovarian mass, invasive carcinoma was identified in the tubal fimbrial end in 16 cases, 14 ipsilateral and 2 in contralateral tubes, respectively.
As per the prevailing the WHO criteria at the time of execution of the study, [13, 14] based on the gross and microscopic features, tumors were assigned a probable site of origin which was ovarian in 62.5% cases, tubal in 6.25% of cases, and peritoneal in 31.25% of cases [ Table 5 ]. If invasive carcinoma and STIC was taken as presumptive of the distal tube as the site of origin of pelvic serous carcinoma, then the site of tumor origin was revised to ovarian in 21.9% of cases, tubal in 59.4% of cases, and peritoneal in 18.75% of cases [ Table 5 ]. 
DISCUSSION
The identification of occult carcinomas in the fallopian tubal fimbria in prophylactic risk-reducing salpingo-oophorectomy specimen in BRCA positive women lead to the development of the SEE-FIM protocol for identifying occult neoplastic and precursor lesions of serous carcinoma. [7, 8] Studies over the last few years by Levanon et al. and subsequently by others have resulted in a paradigm shift in our understanding of the pathogenesis of serous ovarian carcinoma. [3] [4] [5] [6] [7] [8] Accordingly, the distal fimbrial end of the fallopian tube rather than the OSE is important in serous carcinogenesis. There are only a few studies [15, 16] which have evaluated sporadic pelvic serous carcinomas to document the involvement of the ovaries, tubes and the junctional epithelia by the putative precursor lesions; hence, this was the aim of our study.
Detailed evaluation of the OSE and the epithelium lining the cortical inclusion cysts wherever identified did not show any precursor lesion in the form of epithelial atypia or hyperplasia. Walthard cell nests, transitional metaplasia, and papillary tubal hyperplasia were also not significantly different between the groups. We concur with Rabban et al. that most of these findings are incidental and are not perhaps involved in serous carcinogenesis. [17] The junctional epithelia including the TPJ or TPJ and the OSE-peritoneal junction have been proposed as potential sites of origin of serous carcinoma. [18, 19] However, the TPJ and the OSE-peritoneal junctions showed no atypia or any precursor lesion discussed in detail below and so, is unlikely to be of significance in serous carcinogenesis.
SCOUTs have been proposed to be the initial step in serous carcinogenesis. [7, 9] These cells show upregulation of Bcl-2, which may be used as a marker for this cell type. [11] We confirm the higher prevalence of SCOUTs in serous carcinomas compared to controls (90.6% in SC vs. 60% in controls) consistent with previous observations. [6, 20] The SCOUT index in our study was higher in both groups being 0.2 in controls and 0.78 in serous cancers as compared 0.03 and 0.25, respectively, reported earlier which would indicate a 4-fold increase in the number of SCOUTs in serous cancers as against an 8-fold increase previously reported. [9] An increase in SCOUT frequency with age has been observed. [20] SCOUTs were rare in women with mean age of 35 years [20] which is similar to our data wherein the lowest frequency of SCOUTs was seen benign tumor group with a mean age of 35 years. The prevalence of SCOUTs in both cross-section and the fimbrial end is in concordance with previous studies [9, 20] and so is the higher SCOUT counts in the fimbrial end as compared to the proximal tube (ratio of 2.12:1) consistent with a previous study. [9] Although, there are fallacies in deriving such counts as the numbers would depend on the number of sections examined, after adjustment for the same, Quick et al. did not find any significant difference between SCOUTs in the proximal versus distal fallopian tubes. [20] Further, we did not find any significant difference in the distribution of SCOUTs in the tubes with the laterality of ovarian involvement and the assigned site of origin of serous carcinoma.
In view of the fair interobserver variability (κ =0.39-0.453) for the identification of STIC lesions [5, 21] we employed the diagnostic algorithm for identification of precursor lesions proposed by Vang et al. which incorporates morphology and immunohistochemistry for p53 and Ki-67. [12] p53 immunostaining revealed an interrupted pattern of immunoreactivity in the fallopian tubal sections with anywhere from 3% to 30% nuclei being positive. Serous carcinomas showed the highest frequency (65.6% cases) as well as highest numbers [1] [2] [3] [4] [5] [6] of p53 signatures in the fimbrial end. p53 signatures were not seen in the benign, borderline tumors and other carcinomas but were seen in 30% of the control cases with extra-ovarian and extra-tubal nonneoplastic diseases. This was in concordance with a study by Lee et al. who found p53 signatures in 24% BRCA positive cases and in 33% cases of extra-ovarian conditions. [8] STIL in transition was observed in two cases who presented as dominant ovarian masses. The low frequency of this intermediate lesion is similar to previous reports. [7, 22] STIC lesions were seen in 40.6% of cases of serous carcinomas and were not seen in any other carcinoma type consistent with previous studies who observed it in 50-58% cases. [15, 16] p53 signatures are also seen more frequently and tend to be multifocal in tubes with STIC. Multifocal p53 signatures with STIC were seen in 7 (21.9%) cases. Further, STIC were seen only in the fimbrial end of the fallopian tube in 100% of cases, similar to 92-93% reported previously. [15, 16] STIC lesions also tend to occur in the same side as the ovarian tumor (66.7% cases with unilateral ovarian tumor showed ipsilateral STIC and 42.8% with bilateral ovarian tumor showed bilateral STIC). STIC lesions tend to be present with an invasive carcinoma more often than isolated lesions which is in concordance with a previous study. [16] STIC lesions were present in 45%, 0% and 10% of cases and p53 signatures were present in 75%, 50%, and 50% of tumors assigned to "ovarian," tubal, or peritoneal origin. Leonhardt et al. found frequencies of p53 signature, tubal intraepithelial lesion in transition (TILT) and STIC lesions to be 18.2%, 9.1%, and 18.2%, respectively, in tubal carcinoma and 11.1%, 0%, and 33.3% in primary peritoneal serous carcinomas. [22] In a large series of primary peritoneal carcinomas, p53 signatures and STIC lesions were seen in 19.6% and 21.7% and it was concluded that there may be alternate pathways of carcinogenesis of primary peritoneal serous carcinomas. [23] It was also found that about 94% of these precursor lesions were located in the fimbrial end of the fallopian tube. It must be noted that STIC lesions with complete absence of p53 staining (0% labeling index) do exist and are believed to be due to p53 "null-type" mutations. [24, 25] We did not encounter any case with morphological atypia but lacking p53 positivity in this study. Most importantly, if the presence of an invasive carcinoma or a STIC lesion was presumptive of fallopian tubal origin of the pelvic serous carcinoma, then nearly 60% of cases were of fallopian tubal origin which reaffirms the previous studies on sporadic pelvic serous cancers wherein 64-75% cases were of primary tubal origin. [15, 16] This is reflected in the current WHO, TNM and FIGO classification of serous carcinoma wherein the tumors of the ovary, fallopian tube, and peritoneum are clubbed for purposes of staging. [26] Furthermore, as per the International Consortium for Cancer Reporting recommendations for reporting of ovary, fallopian tube, and primary peritoneal carcinoma, the histological sites of tumor involvement should be recorded as it is necessary for staging, and the primary site of origin of the tumor should be assigned. [27] The guidelines further make it mandatory for SEE-FIM protocol to be applied in all cases of high-grade serous carcinoma for documentation of STIC/invasive cancer in the tubal fimbria and if present, the tumor is assigned to be of tubal origin irrespective of where the greatest volume of the tumor is present. [27] The management of high-grade pelvic serous carcinoma irrespective of the site of origin is the same with taxol and platinum-based chemotherapy in the adjuvant or neoadjuvant setting. A significant number of our patients with advanced stage serous carcinomas received three cycles of NACT and showed residual cancer in their histological specimen. Contrary to our expectations, none of the precursor lesions showed any statistical difference among those who did or did not receive NACT. In the Canadian experience, a slightly lower incidence of STIC was observed in women who received NACT as compared with those who did not (P = 0.042). [28] None of our patients had any family history of breast or ovarian cancer. However, their BRCA genetic status is not known and it is speculative if the occurrence of the precursor lesions in such patients was related to altered BRCA expression either due to a genetic mutation or due to epigenetic mechanisms. Bilateral salpingo-oophorectomy is traditionally performed for risk-reduction in patients with BRCA mutations and also in the general population whenever hysterectomy is performed for other reasons. In view of the fact that the fallopian tube is the site of the precursor lesions of serous ovarian cancer, it has been proposed that in place of bilateral salpingo-oophorectomy, it should suffice to do bilateral salpingectomy to achieve risk reduction of ovarian cancer. [29] However, this is yet to be followed in general clinical practice.
CONCLUSIONS
The fimbrial end of the fallopian tube is the site of invasive serous carcinoma as well as of putative precursor lesions including SCOUTs and p53 signatures, TILT and STIC making it the most common site of origin of pelvic serous carcinoma. Evaluation of distal fallopian tubes using the SEE-FIM protocol and judicious application of Bcl-2, p53, and Ki-67 immunohistochemistry is recommended for the detection of the precursor lesions in all cases of sporadic pelvic serous carcinoma.
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